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Fig. 1 Comparison of time to progression between sorafenib and

hepatic arterial infusion chemotherapy using cisplatin in patients who
were refractory to transcatheter arterial chemoembolization (TACE)
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Fig. 2 Comparison of overall survival between sorafenib and hepatic
arterial infusion chemotherapy using cisplatin in patients who were
refractory to TACE

P < 0.001) (Fig. 2). The same analysis was performed for
patients limited to Child-Pugh A, since sorafenib is widely
recommended for the treatment of patients with Child—
Pugh A. The results were similar, although the disease
control rate and the time to progression were not statisti-
cally significant (data not shown).

Toxicity

Serious adverse events (SAE) occurred in two patients
(1 patient, grade 4 hepatic encephalopathy; 1 patient, grade
3 erythema multiforme) in the sorafenib group, but none of
the patients in the cisplatin group experienced an SAE.
Thirty-eight patients (79 %) required a sorafenib dose
reduction because of adverse events, such as liver dys-
function, hand-foot syndrome, or rashes, and treatment was
discontinued in 7 patients (14 %) because of adverse

events, such as liver dysfunction, hepatic encephalopathy,
or erythema multiforme. On the other hand, none of the
patients required a cisplatin dose reduction, and treatment
was discontinued in 6 patients (9.1 %) because of adverse
events, such as liver dysfunction, fatigue, or nausea/
anorexia.

Predictive factors of time to progression and overall
survival

Univariate analyses were performed to identify the factors
that contributed to the prolongation of time to progression
in patients who were refractory to TACE (Table 2). The
univariateé analyses showed that the significant factors that
contributed to the prolongation of the time fo progression
(P < 0.10) were an age >65 years, a PS of 0, a maximum
tumor diameter <3.0 cm, the absence of hepatic vein
invasion, the absence of ascites, a bilirubin level <1.2 mg/
dL, an o-fetoprotein level «<1,000 ng/mL, and sorafenib
treatment. A multivariate analysis was performed for the
factors that showed a significant tendency (P < 0.10) in the
univariate analysis, and the absence of hepatic vein inva-
sion and sorafenib treatment were significant independent
factors that contributed to the prolongation of the time to
progression (Table 3). Univariate analyses were performed
to identify the factors that contributed to survival prolon-
gation in patients who were refractory to TACE (Table 2).
The univariate analyses showed that the significant factors
that contributed to the prolongation of survival (P < 0.10)
were an age >05 years, a PS of 0, a maximum tumor
diameter of <3.0 ¢m, 3 or fewer tumors, the absence of
hepatic vein invasion, Child-Pugh class A, the absence of
ascites, an albumin level >3.5 g/dL, a bilirubin level
<1.2 mg/dL, an AST level <100 U/L, an o-fetoprotein
level <1,000 ng/mL, a protein induced by vitamin K
absence or antagonist-II (PIVKA-II) level <1,000 mAU/
mL, and sorafenib treatment. A multivariate analysis was
performed for the factors showing a significant tendency at
P < 0.10, and the significant independent favorable prog-
nosis factors were a PS of 0, 3 or fewer tumors, Child-Pugh
A, an o-fetoprotein level <1,000 ng/mL, a PIVKA-II
level <1,000 mAU/mL, and treatment with sorafenib
(Table 3). Treatment with sorafenib had the smallest haz-
ard ratio among these prognostic factors.

Discussion

Patients with vascular invasion, extrahepatic metastasis,
and who are refractory to TACE are good candidates for
sorafenib [5, 9, 10]. However, the efficacy of sorafenib in
patients who are refractory to TACE has not been previ-
ously reported, although the outcome of patients with prior
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Table 2 Univariate analysis of time to progression and overall survival time in patients refractory to transcatheter arterial chemoembolization
treated with sorafenib or intra-arterial cisplatin

Overall survival

n Time to progression
Median (months) Hazard ratio P value Median (months) Hazard ratio P value

Sex
Female 19 2.9 1.01 (0.60-1.68) 0.98 10.5 0.92 (0.51-1.68) 0.79
Male 95 2.6 9.8

Age (years)
<65 33 2.0 1.41 (0.92-2.14) 0.11 8.0 1.65 (1.03-2.66) 0.03
>65 81 3.0 114

Performance status
0 92 3.2 0.58 (0.35-0.95) 0.03 114 0.38 (0.22-0.66) <0.001
1-2 22 1.6 4.8

HCVADb
Negative 37 2.8 0.82 (0.53-1.25) 0.35 9.9 0.72 (0.45-1.18) 0.19
Positive 77 2.5 9.8

HBsAg
Negative 99 3.0 0.86 (0.50-1.50) 0.60 9.9 1.09 (0.54-2.17) 0.82
Positive 15 2.1 9.8

Maximum tumor diameter (cm)
<3.0 39 4.0 0.65 (0.43-0.99) 0.04 12.3 0.56 (0.34-0.83) 0.02
>3.0 75 2.2 8.7

No. of tumors
<3 21 4.4 0.78 (0.48-1.29) 0.33 13.8 0.68 (0.39-1.19) 0.06
>3 93 2.4 8.0

Portal vein invasion
Present 25 3, 0.89 (0.55-1.43) 0.62 5.4 1.34 (0.79-2.27) 0.23
Absent 89 2.6 8.7

Hepatic vein invasion
Present 7 2.5 2.12 (0.97-4.66) 0.05 4.8 2.17 (0.94-5.03) 0.13
Absent 107 2.8 9.2

Stage®
I or I 87 2.8 0.94 (0.59-1.48) 0.77 11.6 0.64 (0.39-1.07) 0.08
v 27 2.5 6.2

Child-Pugh class
A 68 3.2 0.84 (0.56-1.26) 0.39 9.5 0.65 (0.41-1.01) 0.08
B 46 2.2 7.8

Ascites
Present 26 2.2 1.56 (0.98-2.47) 0.06 5.6 2.15 (1.32-3.53) 0.01
Abscnt 88 2.9 9.2

Albumin (g/dL)
<3.5 76 2.4 1.17 (0.78-1.77) 0.44 7.8 1.90 (1.16-3.11) 0.02
>3.5 38 38 10.6

Total bilirubin (mg/dL)
<1.2 81 32 0.66 (0.42-1.02) 0.06 11.6 0.42 (0.26-0.66) <0.001
>1.2 33 1.6 4.8

Prothrombin time (%) )
<70 42 2.9 0.95 (0.63-1.42) 0.79 10.5 0.93 (0.59-1.47) 0.77
>70 72 25 9.9
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Table 2 continued

n Time to progression Overall survival
Median (months) Hazard ratio P value Median (months) Hazard ratio P value
AST (U/L)
<100 82 3.0 0.86 (0.55-1.35) 0.50 123 0.44 (0.27-0.70) <0.001
>100 32 22 5.5
ALT (U/L)
<100 97 2.6 0.90 (0.52-1.56) 0.70 99 0.85 (0.44-1.57) 0.59
>100 17 2.5 8.5
a-Fetoprotein (ng/mL)
<1000 71 3.8 0.60 (0.40-0.91) 0.01 122 0.61 (0.39-0.96) 0.03
>1,000 43 2.1 7.1
PIVKA-II (mAU/mL)
<1,000 67 3.1 0.78 (0.52-1.16) 0.22 10.6 0.62 (0.40-0.96) 0.03
>1,000 45 2.1 9.5
Treatments
Sorafenib 48 3.9 0.57 (0.38-0.86) 0.01 16.4 0.44 (0.27-0.72) <0.001
Cisplatin 66 2.0 8.6

HCVAD hepatitis C viral antibody, HBsAg hepatitis B surface antigen, AST aspartale aminotransferase, ALT alanine aminotransferase, PIVKAII

protein induced by vitamin K absence or antagonists-I

@ Japanese classification of primary liver cancer

Table 3 Multivariate analysis of overall survival and time to pro-
gression in patients refractory to TACE

Hazard ratio P value

Time to progression

Hepatic vein invasion: present 0.41 (0.19-0.91) 0.03

Treatment: sorafenib 0.55 (0.37-0.83) 0.004
Overall survival
Performance status: 0 0.46 (0.27-0.81) 0.006

No. of tumors: <3 0.51 (0.29-0.91) 0.02

Child-Puogh class: A 0.44 (0.27-0.71) 0.001
a-Fetoprotein: <1.000 ng/mL 0.52 (0.22-0.84) 0.008
PIVKA-II: <1,000 mAU/mL 0.47 (0.29-0.76) 0.002
Treatment: sorafenib 0.42 (0.25-0.77) 0.001

TACE has been reported [11, 12]. We retrospectively
evaluated the efficacy of sorafenib in patients who were
refractory to TACE. The following data were obtained: the
response rate (CR + PR) was 6.3 %, the disease control
rate (CD + PR + SD) was 60.4 %, and the median time to
progression was 3.9 months; these results were comparable
to those obtained for sorafenib to date [7, 8]. The median
survival time of 16.4 months was regarded as favorable.
The patients who were refractory to TACE have a lower
frequency of vascular invasion, which is a significant pre-
dictor of a poor prognosis in patients with advanced HCC.
In addition, most of the TACE refractory patients had an
intermediate BCLC stage. The TACE refractory patients in

this study (proportion of advanced stage 33 %) had a better
BCLC stage than the patients in previous trials (proportion
of advanced stage SHARP., 82 %; Asia-Pacific trial,
95.3 %). Favorable tendencies, therefore, might be shown
for the overall survival of a subgroup of patients who are
refractory to TACE among advanced HCC patients in
whom sorafenib treatment is indicated.

A definition of “refractory to TACE” has not yet been
established. In this study, the definition of “refractory to
TACE” was regarded as progression or a tumor shrinkage
rate of <25 % in hypervascular lesions as visualized using
dynamic CT and/or MRI after 1-3 months of TACE.
According to the consensus-based clinical practice guide-
lines proposed by the Japan Society of Hepatology 2010
[5], however, “refractory to TACE” is defined as two or
over consecutive incomplete necrotic reactions or the
appearance of a new lesion, vascular invasion, or exlira-
hepatic metastases. Although a consensus has not been
reached among clinicians, this is a critical issue when
considering a conversion from TACE to sorafenib treat-
ment in patients with unresectable HCC.

In the present study, sorafenib was compared with
hepatic arterial infusion chemotherapy using cisplatin,
which was used before the introduction of sorafenib. A
consensus on a standard therapy has not been attained for
hepatic arterial infusion chemotherapy, since its survival
benefit has not been elucidated [10]. However, this regimen
is still frequently used in Japan, because favorable anti-
tumor effects and long-term survivals have been seen in a
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few patients [15-21]. Nonetheless, hepatic arterial infusion
chemotherapy has not been reported to have favorable
results in patients who are refractory to TACE [13, 14].
Regarding hepatic arterial infusion chemotherapy using
cisplatin in patients who were refractory to TACE (n = 84),
the response rate at out-patient hospitals was 3.6 %, the
median time to progression was 1.7 months, and the median
overall survival period was 7.1 months [13], while the
results of a phase II study of hepatic arterial infusion che-
motherapy using cisplatin in patients with unresectable
HCC (n = 80) were favorable, with a response rate of
33,8 % and a l-year survival rate of 67.5 % [15]. One
possible reason for the difference between these studies
might be differences in the characteristics of the study
populations. Most patients in the phase II trial of cisplatin
were TACE-naive, whereas only patients with TACE-
refractory disease were included in the present study. Thus,
hepatic arterial infusion chemotherapy may not be expected
to show favorable therapeutic results when the patients are
limited to those refractory to TACE, although the reason
remains unknown. Therefore, the results were compared
with those for patients who were refractory to TACE and
were lreated with sorafenib. Although the patient age was
significantly higher in the sorafenib group and the PS and
tumor size was slightly worse in the cisplatin group, no
other significant differences in the patient characteristics
were observed between the two groups. The response rate
was comparable, but the sorafenib group showed signifi-
cantly higher results for the disease control rate, time to
progression, and overall survival. We also performed a
multivariate analysis to examine the factors that contributed
to the time to progression and overall survival in patients
who were refractory to TACE, and treatment with sorafenib
was one of the significant factors. These results suggest that
sorafenib, rather than hepatic arterial infusion chemother-
apy using cisplatin, might be the treatment of first choice in
patients who are refractory to TACE. This outcome might
not have much impact in overseas settings, where hepatic
arterial infusion chemotherapy is less popular, but it is quite
disappointing in Japan, since hepatic arterial infusion che-
motherapy using cisplatin was expected to show a thera-
peutic effect comparable to that of sorafenib.

The present study has some limitations. First, the results
for sorafenib treatment in patients who were refractory to
TACE were obtained as part of a single-site, retrospective
study. A prospective study enrolling only patients who are
refractory to TACE should be performed in the future to
verify the efficacy of sorafenib in patients who ‘are
refractory to TACE. Second, the periods of treatment
differed between the sorafenib group and the cisplatin
group. Third, the influence of subsequent treatment on
the overall survival cannot be denied. Hepatic arterial
infusion chemotherapy using cisplatin was administered as
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a subsequent treatment in 7 patients in the sorafenib group,
whereas patients in the cisplatin group were not treated
with sorafenib. Still, the anti-tumor effect of hepatic arte-
rial infusion chemotherapy using cisplatin following so-
rafenib was PD in all the patients, and the impact would
have been negligible. Finally, considering the possible
selection bias in therapeutic policy after the introduction of
sorafenib, we selected patients with different periods of
treatment, but the results might also have been affected by
the difference in periods. Also, no significant differences in
the patient characteristics, except for age, total bilirubin,
and AST, were seen between the sorafenib and the hepatic
arterial infusion chemotherapy using cisplatin group, but
subtle differences in the patient characteristics might have
affected the favorable results for sorafenib, since this study
was a retrospective comparison.

In conclusion, sorafenib showed a favorable efficacy in
patients who were refractory to TACE, resulting in a sig-
nificantly higher discase control rate, longer time to pro-
gression, and longer overall survival compared with
hepatic arterial infusion chemotherapy using cisplatin.
Thus, sorafenib, rather than hepatic arterial infusion che-
motherapy, should be considered as the first-line therapy
for patients who are refractory to TACE in the [uture.
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Laryngeal and hypopharyngeal cancer, in particular T4a disease associated with cartilage invasion and
extralaryngeal spread, needs to be evaluated accurately because treatment can impact heavily on a
patient’s quality of life. Reliable imaging tools are therefore indispensible. CT offers high spatial and
temporal resolution and remains the preferred imaging modality. Although cartilage invasion can be
diagnosed with acceptable accuracy by applying defined criteria for combinations of erosion, lysis and
transmural extralaryngeal spread, iodine-enhanced tumors and non-ossified cartilage are sometimes
difficult to distinguish. MR offers high contrast resolution for images without motion artifacts, although
inflammatory changes in cartilage sometimes resemble cartilage invasion. With dual-energy CT, com-
bined iodine overlay images and weighted average images can be used for evaluation of cartilage invasion,
since iodine enhancement is evident in tumor tissue but not in cartilage. Extralaryngeal spread can be
evaluated from CT, MR or dual-energy CT images and the routes of tumor spread into the extralaryngeal
soft tissue must be considered; (1) via the thyrohyoid membrane along the superior laryngeal neurovas-
cular bundle, (2) via the inferior pharyngeal constrictor muscle, and (3) via the cricothyroid membrane.
Radiologists need to understand the advantages and limitations of each imaging modality for staging of
laryngeal and hypopharyngeal cancer.
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1. Introduction

Laryngeal and hypopharyngeal cancers are common malignant
tumors in the head and neck, and most of such cases are squa-
mous cell carcinomas [1]. In view of the functional and social
importance of the larynx, any decision about the optimal man-
agement strategy for laryngeal or hypopharyngeal cancer must
involve consideration of both potential survival and the func-
tional consequences of any given treatment approach. Patients with
T1, T2 and limited cartilage invasion disease can be considered
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positively for organ-preserving procedures such as radiation ther-
apy alone, a combination of chemotherapy and radiation therapy,
and function-preserving partial laryngectomy procedures [2-G].
Patients with T4a disease, particularly when the tumor extends
through the cartilage into the soft tissue of the neck, often need
aggressive treatments such as total laryngectomy (2,7 81, because
the risks of recurrence and cartilage necrosis after radiother-
apy alone are high [2-4]. Both CT and MR imaging are routinely
used to differentiate between limited and gross cartilage inva-
sion. However, cartilage invasion is sometimes overestimated,
resulting in unnecessary total laryngectomies in some patients
[9,10].

Currently, dual-energy CT is being investigated in several clini-
cal fields [11~15}, including the evaluation of head and neck cancer
[16]. Since treatment is decided according to the precise extent
and invasion pattern of a tumor, the findings of these imaging
procedures play a crucial role in any multidisciplinary approach
for management of laryngeal and hypopharyngeal cancer [17-19].
Rapid technological developments inrecentyears have made it nec-
essary for all members of multidisciplinary teams to understand the
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Table 1

Primary tumor (T) staging according to the American Joint Committee on Cancer (AJCC) 7th edition (modified version by author).

Laryngeal cancer

Hypopharyngeal cancer

Supraglottic Glottic

Subglottic

T1 One subsite (a) One vocal cord (b) both
vocal cords
T2 More than one subsite Extends to supra/sub
glottis
Impaired vocal cord
mobility
T3 PGS/PES or vocal cord PGS or vocal cord fixation
fixation
Inner cortex of thyroid Inner cortex of thyroid
cartilage cartilage
Extends to postcricoid
T4a Tumor invades through the thyroid cartilage or
extra-laryngeal spread
T4b Tumor invades prevertebral space, encases
carotid artery, or invades mediastinal
structures

Limited to subglottis <2 cm and limited to one subsite

>2-4cm or more than
one subsite

Extends to glottis

>4 cm or vocal cord
fixation

Vocal cord fixation

Turmor invades thyroid/cricoid cartilage or
extra-laryngeal spread

Note: PGS = paraglottic space; PES = preepiglottic space.

potential applications, limitations, and appropriate criteria of these
imaging modalities.

In this article, we review the significant role of imaging for
staging of laryngeal and hypopharyngeal cancer. We discuss the
appearances of T4a disease on conventional CT and MR images
and illustrate how dual-energy CT can be applied for evaluation
of laryngeal and hypopharyngeal cancer.

2. Primary tumor staging (T) of laryngeal and
hypopharyngeal cancer

The system for staging of primary laryngeal (glottic, supra-
glottic and subglottic) and hypopharyngeal cancer is outlined in
Table 1 (American Joint Committee on Cancer 2010) [20]. Clini-
cal staging of the primary site is based on involvement of various
subsites of the larynx or adjacent regions of the pharynx and
vocal cord mobility. Assessment of the primary tumor is initially
accomplished by clinical inspection, using indirect mirror and
direct endoscopic examination with a fiberoptic nasolaryngoscope.
However, these tumors have a tendency to spread submucos-
ally, and this extension into deeply seated tissue planes can be
easily missed by clinical examination alone [8,17,19]. Therefore,
clinicians rely on imaging to predict which patients will have
T3-4 disease. Even if the primary tumor has been clinically diag-
nosed as T1-2 disease on the basis of inspection, imaging is an
important adjunct to exclude any T3-4 factor features or the pres-
ence of submucosal extension |8,21-23]. Therefore, cross-sectional
imaging using CT or MR imaging is mandatory for completing
the staging process, and should be included in the diagnostic
workup.

For laryngeal cancer, the first imaging criterion that defines
T3 lesions is extension into the paraglottic and/or preepiglottic
space, irrespective of vocal cord mobility. In addition, tumor ero-
sionlimited to the inner cortex of the thyroid cartilage indicatesa T3
lesion, whereas erosion of the outer cortex of the thyroid cartilage
define a T4a tumor. For hypopharyngeal cancer, unlike the larynx,
criteria that define T3 lesions are based on vocal cord mobility and
tumor diameter only. Hypopharyngeal cancer with invasion of the
thyroid or cricoid cartilage indicates a T4a lesion, even in cases of
localized cartilage invasion. In any event, accurate staging requires
diagnosis of subtle cartilage invasion.

Extralaryngeal tumor spread is also one of the important predic-
tors of T4a disease, with or without cartilage invasion, in laryngeal
and hypopharyngeal cancer.

3. Technical considerations for CT, MR imaging and
dual-energy CT

3.1. Conventional CT

CT is the preferred imaging method for staging of laryngeal and
hypopharyngeal cancer. The images are obtained with the patient
supine and during quiet respiration (not while holding the breath).
The neck should be in slight extension, and the head is aligned
along the cephalocaudal axis to allow comparison of symmetrical
structures. Malpositioning may create an appearance that simu-
lates disease. Every effort should be made to make the patient feel
comfortable. When a small tumor is suspected, the patient may be
scanned during a modified Vasalva maneuver or during phonation
to open the piriform sinuses {24.25], Typically, a 100-mL injection
of 300 mgl/mL iodinated contrast medium is injected at a rate of
2.5 mLfs and the scan is initiated 70s after the start of the injec-
tion, proceeding in a cranio-caudal direction. The scan range is set
from the base of the skull to the bottom of the neck. Reconstructed
images are generated as frontal and coronal sections parallel and
vertical to the vocal cords from 1 cm above the hyoid bone to the
inferior margin of the cricoid cartilage (2-mm thickness and 16-cm
field of view).

3.2. MRimaging

MR imaging is also obtained with the patient supine and during
quiet respiration. Axial T2-weighted fast spin echo (FSE) and T1-
weighted FSE images are obtained with a scan orientation parallel
to the true vocal cords. Typical image parameters for a standard
examination include a slice thickness of 3 mm with a 1-mm inter-
section gap. Additional axial fat-saturated T1-weighted fast field
echo (FFE) images after intravenous administration of gadolinium
chelates are obtained routinely. When evaluations using CT alone
are insufficient to determine cartilage invasion, the following 3D
sequences are additionally performed within the area from 1cm
above the hyoid bone to the inferior margin of the cricoid cartilage:
a 3D-T2-weighted image (3D-T2WI) is acquired in the transverse

‘plane with a 3D volume isotropic T2-weighted acquisition (VISTA)

sequence (TR/TE, 1,100/91 with Driven Equilibrium [DRIVE] tech-
nique; flip angle, 90; field of view, 230 mm; matrix, 190 x 448;
slice thickness/gap, 1.5 mm/0 mm). A 3D-T1-weighted image (3D-
T1WI) is then acquired in the transverse plane with a 3D Turbo
Field Echo (TFE) sequence unenhanced (TR/TE, 6/2.3; flip angle,
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Fig. 1. Flow chart showing an overview of post-processing. Weighted-average (WA) CT images are generated by fusing data sets acquired with different tube voltages (100
and 140 kV). WA images resemble conventional CT images. lodine overlay (10) images are generated by fusing virtual non-contrast images and iodine images at a ratio of 0.5.

15; field of view, 230 mm; matrix, 224 x 224; slice thickness/gap,
1.0mm/0 mm) and fat saturated contrast-enhanced (TR/TE, 6/1.15;
flip angle, 15; field of view, 230 mm; matrix, 224 x 224; slice thick-
ness/gap, 1.0 mm/0 mm). Images in the coronal or sagittal plane
may be obtained in order to evaluate certain anatomic spaces, such
as the preepiglottic space in the sagittal plane, or the paraglottic
space and the ventricle in the coronal plane.

3.3. Dual-energy CT

3.3.1. Basic principles

Single-energy CT generates images based on the X-ray absorp-
tion coefficient of scanned tissues, and according to their density
the tissues are assigned a CT value and displayed as a grey scale.
As a result, it may be difficult to differentiate materials of different
chemical composition, such as iodine and bone or iodine-enhanced
lesions and cartilage, as they have the same CT value on CT images
[8.26]. This difficulty can be overcome for some materials using
dual-energy CT [15,27,28] which exploits the dependence of the
absorption coefficient on the energy of the X-ray spectrum, or kV
setting, used for the scan [13,29-31]. For example, materials such
as iodine have lower CT values at high X-ray energies than at low
X-ray energies, whereas fat tissue shows the opposite behavior. The
CT value of water, soft tissue and blood stays almost constant at all
X-ray energies.

In practice, two CT images taken at different tube voltages,
typically 80 or 100kV and 140 kV, are sufficient to classify many
tissues. Different scan techniques have been developed to acquire
dual-energy CT data sets; dual-source dual-energy CT, dual-energy
CT with fast kilovolt switching, and multilayered-detector dual-
energy CT [32,33]. Here, we limit our discussion to dual-source
dual-energy CT [33,34], used at our institution.

Several algorithms can be used to extract material information
and generate material maps or remove materials from images. A
three-material decomposition algorithm applied to each voxel of
an iodine-enhanced dual-energy CT image set makes it possible
to compute iodine maps and virtual non-contrast images. Three
materials have to be predefined for this algorithm according to
the scanned body area: for example iodine, soft tissue and air are

chosen for lung imaging [14], and iodine, fat and tissue for liver
imaging [33]. For the head-neck region, the materials are set to
iodine, brain parenchyma and hemorrhage [12,16].

3.3.2. Dual-energy CT protocol

For dual-source dual-energy CT scans using 128-slice dual-
source CT (SOMATOM Definition Flash; Siemens Healthcare,
Forchheim, Germany), the following parameters are applied: 100
and 140kV tube voltages with a 0.4-mm tin filter (labeled as
Sn140KkV), 200 and 200 effective mAs, 0.33-s rotation time,
32 x 0.6-mm collimation with a z-flying focal spot, and a pitch of
0.6. The tin filter blocks low-energy X-rays from the 140kV spec-
trum, thus reducing radiation to the patient and enhancing energy
separation of X-rays from the low and high kV X-ray tubes. These
parameters result in an average CT dose index of 14~15 mGy, which
is equivalent to that of single-energy CT scans. Noise needs to

- be minimized to ensure precise three-material decomposition in

the head and neck, where many heterogeneous structures such as
cartilage, soft tissues and air in the trachea require a high image
resolution. A voltage combination of 100kV and Sn140KkV, rather
than 80 and 140 kV, is chosen to minimize noise while maximizing
the separation of the X-ray tubes’ energy spectra. The methods of
contrast material injection are the same as for conventional CT.

3.3.3. Image reconstruction and post-processing

The image reconstruction and post-processing flow is shown
in Fig. 1: two sets of raw data (100kV and Sn140kV) are sep-
arately reconstructed from the acquired dual-energy data using
a 1-mm slice thickness and 0.7-mm increment, and a third, WA
image set is generated at the same time, linearly weighing and fus-
ing each pixel of the 100-kV and S$n140kV data (p100 and p140,
respectively) at the default ratio of w=0.5 according to the follow-
ing formula: [w x p100] +[(1 —w) x p140]. A medium sharp D30f
kernel is applied for all reconstructions. WA images are used as
diagnostic images since they are equivalent in terms of image qual-
ity to single-energy 120 kV CT images [35,36].

Next, the images are post-processed on a separate workstation
(MMWP; Siemens Healthcare), and three-material-decomposition
analysis (Syngo Dual Energy, Brain Hemorrhage; Siemens
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Fig. 2. (A) Drawing to illustrate the criteria for evaluation of thyroid cartilage inva-
sion. Erosion is defined as invasion beyond the inner cortex without reaching the
outer cortex (less than half of the cartilage width), lysis is defined as almost reach-
ing the outer cortex but with preservation of the cortex, and extralaryngeal spread
is defined as all-layer invasion through both the inner and outer cortex (penetra-
tion) of the cartilage, including the extralaryngeal soft tissues. (B) Positive finding of
invasion through the outer cortex of the thyroid cartilage in a 56-year-old man with
glottic cancer. Axial contrast-enhanced CT image at the level of the vocal cords shows
tumor invasion into the thyroid cartilage, spreading into the extralaryngeal soft tis~
sue (white arrows). (C) Positive finding of thyroid cartilage lysis in a 69-year-old
man with hypopharyngeal cancer. Axial contrast-enhanced CT image at the glottic
level shows a tumor mass arising from the left piriform sinus. The inner cortex of the
left thyroid cartilage shows disappearance of a thin hypo-attenuated line between
the tumor and the cartilage (arrows), and substitution of cartilage with tumor tissue
as demonstrated by CT attenuation {arrowheads).

A Negative findings

Fig. 3. (A) Drawing to illustrate the criteria for negative thyroid cartilage invasion
based on two concurrent findings: (1) perfect or almost continuously defined thin
hypo-attenuated line between the tumor and the cartilage (arrows), (2) difference in
CT attenuation between non-ossifying cartilage and the tumor (asterisks). (B) Nega-
tive finding of thyroid cartilage invasion in a 67-year-old man with hypopharyngeal
cancer. Axial contrast-enhanced CT image at the level of the false vocal cords shows
a tumor mass arising from the left piriform sinus, but preservation of a dark line
between the tumor and the cartilage is evident (arrows). (C) Negative finding of
thyroid cartilage invasion in a 61-year-old man with hypopharyngeal cancer. Axial
contrast-enhanced CT image at the supraglottic level shows a tumor mass arising
from the left piriform sinus. CT attenuation of the non-ossifying cartilage (arrows)
is different from that of the tumor (T).
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Fig. 4. True negative finding for thyroid cartilage invasion by MR imaging in a 69-
year-old man with hypopharyngeal cancer. (A) Axial contrast-enhanced CT image
at the level of the false vocal cords shows tumor mass (T) arising from the right
piriform sinus. The tumor is located adjacent to non-ossified cartilage of the right
thyroid lamina, and the tumor and cartilage show similar CT values, making them
almost indistinguishable (arrows). (B) T2-weighted MR image obtained at the same
level shows a right-sided piriform sinus tumor with intermediate signal intensity.
The adjacent right thyroid lamina can be differentiated by its low signal intensity
(arrows). (C) Fat-suppressed contrast-enhanced T1-weighted image shows con-
trast enhancement of the tumor mass and poor enhancement of the thyroid lamina
(arrows) relative to the adjacent tumor mass. Pathological findings confirmed that
there was no tumor cell infiltration into the cartilage.

Fig. 5. Positive finding of thyroid cartilage invasion on MR imaging in a 69-year-
old man with hypopharyngeal cancer. (A) Axial T2-weighted image at the level of
the vocal cords shows a tumor mass (T) arising from the ‘right‘piriform sinus with
intermediate signal intensity. The adjacent right thyroid cartilage shows a similar
signal intensity (arrows). (B) Fat-suppressed contrast-enhanced T1-weighted image
shows enhancement of the tumor mass and similar enhancement of the adjacent
thyroid lamina (arrows). (C) Corresponding axial slice from the surgical specimen
at the same level confirms that the posterior thyroid cartilage has been invaded by
the tumor cells (arrows).



